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Abstract. Hydropower is oldest available source for renewable energy generation in Lithuania and the world. However, 
because of unequal demand of electricity during the day large hydropower plants are adapted to work in hydropeaking 
regime, which causes rapid water level and discharge fluctuations and has impact on the environment. To assess the ex-
tent of this impact in this study 2D numerical hydrodynamic modelling was carried out to reveal the dewatered or flooded 
stream channel areas at the Nemunas River downstream Kaunas Hydropower Plant. Such estimation of dewatered or 
flooded areas, considering different operating modes of hydropower plant, was carried out for the first time in Lithuania. 
It was revealed that largest areas are flooded when Kaunas hydropower plant starts its operation with two and four tur-
bines and accordingly are dewatered when the plant stops such operations. During this study the impact of water level 
and discharge fluctuations on river ecosystems was not analysed, however the obtained results will be the initial data for 
more detailed assessment of fish habitats quality under impact of hydropeaking.  
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Introduction 
Electricity generation by large hydropower plants (HPP) 
usually response to short-term daily variations in energy 
demand. In most cases large HPP has its outlet into a 
river what causes frequent and rapid fluctuations of water 
level and discharge in the river stretch downstream HPP, 
what is called hydropeaking (Sauterleute, Charmasson, 
2014). Such operating regime possibly has impact on 
river biotic and abiotic environment (L'Abée-Lund, 
Otero, 2018; Juárez et al., 2019; Hayes et al., 2019). 
According to Sauterleute et al., (2016) rapid water 
level and discharge fluctuation due to hydropeaking cause 
dewatering in rivers and may cause stranding of juvenile 
fish and consequently have a negative impact on fish 
populations. In recent years to investigate this impact in 
greater detail, various 1D and 2D hydrodynamic models 
have been developed. Although, it was noted that for 
more accurate assessment of dewatered areas 2D model 
works better, it also requires very detailed bathymetry 
(Casas-Mulet et al., 2015). 
Vanzo et al. (2016) showed the advantages of 2D 
unsteady flow hydrodynamic model, which allowed to 
describe in very detail flooded and dewatered river chan-
nel areas. The main issue of 2D hydrodynamic models is 
lack of accurate geometric data, which is important for 
hydrodynamic 2D modelling. In recent years there is a 
new possibility to use LiDAR high-resolution data for 2D 
hydrodynamic modelling and monitoring of hydro-
morphological units (Mandlburger et al., 2015). Also, 2D 
hydrodynamic models are often coupled with environ-
mental fish habitat models, but for that data on fish and 
riverbed substratum is needed (Tuhtan et al., 2012; Ca-
baltica et al., 2013; Schneider et al., 2017). 
In Lithuania 2D hydrodynamic model was used to 
simulate rapid water level and discharge fluctuation 
downstream Kaunas HPP (Ždankus et al., 2008, Šikšnys 
et al., 2014). In this study Mike 21, is used to investigate 
dewatering areas and to identify possible stranding areas 
downstream the same hydropower plant.  
The main equations of the Mike 21 2D hydrody-
namic model are: 
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where: h – the water level; H – water depth; u and v – 
flow velocity component in the x (east) and y (north) 
directions, respectively; f – Coriolis force coefficient; C –
Chezy coefficient    
 
   , where n represents the 
Manning coefficient); t – time; g – the acceleration of 
gravity (Wang et al., 2013). 
 
The aim of the study is to identify dewa-
tered/flooded areas downstream Kaunas HPP during dif-
ferent operating regimes (different number of turbines in 
operation). Identification of dewatered/flooded areas at 
the Nemunas River could also be relevant in the future if 
the fishpass at the Kaunas HPP dam will be constructed.  
Methodology 
Research object 
Research object in this study is the Nemunas River 
stretch up to 14.6 km downstream Kaunas HPP. The Ne-
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munas is largest river in Lithuania, flowing through Kau-
nas city into the Baltic Sea via the Curonian Lagoon. 
Catchment area of the Nemunas River is approximately 
100 000 km
2
, average discharge is 632 m
3
/s. Nemunas is 
lowland river with a gentle average slope of 0.19 cm/km.  
Kaunas HPP is the only hydropower plant on the 
Nemunas River in Lithuania, operating since 1959. Four 
Kaplan type turbines are installed with total capacity of 
101 MW. Head of Kaunas HPP is 20 m, reservoir area – 
63.5 km
2
. Hydropower plant operators are allowed to use 
water from the reservoir within limits of ±0.4 m from 
normal water level. Kaunas HPP generates approximately 
4 % of all electricity in Lithuania and approximately 40 
% of all electricity that is generated from renewable ener-
gy sources.  
To achieve the aim of the study, water level meas-
urements were carried out at the Nemunas River stretch 
up to 14.6 km downstream Kaunas HPP (Fig. 1).
 
 
Fig. 1. Study site: 1 – location of the Nemunas River; 2 – water level temporary measurement sites at the Nemunas River
Five temporary spot-measurement water level 
measurement sites were installed, and water level meas-
urements were taken during period of 24-29 November 
2015. Additionally, water level data from permanent 
gauging stations in Kaunas HPP and Lampėdžiai were 
gathered. Water level measurements in temporary meas-
urement sites was taken every 10 min, in permanent sta-
tions – every 60 min. Locations and statistical parameters 
of water level measurements are shown in Table 1.  
As it can be seen from Table 1, the water level fluc-
tuation range in different sites is from 1.31 to 1.81 m. It 
depends on the river channel morphology and the number 
of operating turbines at Kaunas HPP and consequently 
the amount of water in the river. 
 
Table 1. Locations and statistical parameters of water level measurements 
 
Sites Distance 
from 
Kaunas 
HPP, km 
Measurement 
type 
x coordinate y coordinate Count Mean, 
m 
Range, 
m 
Min, 
m 
Max, 
m 
Kaunas HPP GS 0.0 **Permanent 54.87587 23.9994 167 23.91 1.47 23.64 25.11 
Site 1 0.8 *Temporary 54.88065 23.98925 707 23.76 1.63 23.41 25.04 
Site 2 2.9 *Temporary 54.89394 23.97398 708 23.17 1.81 22.72 24.53 
Site 3 8.9 *Temporary 54.85993 23.9317 705 21.37 1.64 20.97 22.61 
Site 4 11.2 *Temporary 54.88003 23.92586 705 20.94 1.46 20.60 22.06 
Site 5 14.6 *Temporary 54.89336 23.88539 708 19.72 1.51 19.26 20.77 
Lampėdžiai GS 19.2 **Permanent 54.90685 23.82042 167 19.08 1.31 18.61 19.92 
Note: * – measurement interval 10 min, ** – measurement interval 60 min. 
 
Hydrodynamic modelling 
LiDAR (Light Detection and Ranging) based bathymetry 
with cell size of 1x1 m for hydrodynamic modelling was 
obtained from the Lithuanian Environmental Protection 
Agency. Model was calibrated using water level data 
from temporary measurement sites. Modelled scenarios 
are presented in Table 2.   
For model calibrating purposes during steady flow 
conditions hydraulic-hydrological characteristics of mod-
elled river stretch that have to be known are water level 
(WL) and corresponding discharge (Q). 
Table 2. Hydrodynamic modelling scenarios 
 
Scenario Boundary condition 
Start 
(Q, m3/s) 
End 
(water level ASL, m) 
Steady Flow (1 Turbine) 126 19.33 
Steady Flow (2 Turbines) 254 19.83 
Steady Flow (3 Turbines) 320 20.52 
Steady Flow (4 Turbines) 596 20.76 
Unsteady Flow  
(1 -4 Turbines) 
Time 
series 
Time  
series 
Note: ASL – above sea level, m.  
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In this case the known discharge at the beginning of 
modelled area and corresponding discharge at the end of 
modelled area was:       m3/s,          m ASL. 
The important parameter for calibration of the model is 
the Manning‘s Roughness Coefficient (n). The value of 
Manning‘s Roughness Coefficient selected and used for 
all modelling scenarios was        . Model results – 
quantification of flooded or dewatered areas in the stream 
channel were analysed with ArcGIS software. 
Results  
Measured and obtained water level data from analysed 
time period are presented in Fig. 2. As it can be seen from 
Fig. 2 downstream Kaunas HPP unsteady river flow pre-
vails. Steady flow regime was observed during the period 
from 24 to 26 of November, 2015. During this period 
only one turbine was operating and discharge of the Ne-
munas River was 126 m
3
/s (Fig. 2, green rectangle). The 
time series of this steady flow period was used to cali-
brate the 2D hydrodynamic model. One hydropeaking 
event was chosen later to model the unsteady flow condi-
tions in the Nemunas River (Fig. 2, red rectangle).
 
 
Fig. 2. Water level measurements and 2D hydrodynamic unsteady model simulation period (red rectangle), steady flow – model 
calibration period (green rectangle) 
Model calibration procedure involves adjusting 
model hydraulic-hydrological characteristics to accord-
ingly measured river characteristics (Vidal et al., 2007). 
Usually measured characteristics are river water level and 
discharge, while river channel roughness coefficient is 
adjusted during the model calibration stage. In this case 
for model calibration purposes water level (m) and dis-
charge (m
3
/s) were measured at the Nemunas River. Re-
sults of model calibration procedure are presented in 
figure 3. 
 
  
 
Fig. 3. Hydrodynamic 2D model calibration: 1 – correlation between measured (observation) and modelled (simulation) water level, 
m, 2 – comparison of measured (observation) and modelled (simulation) water level, m 
Differences between measured and modelled water 
level data did not exceed permissible error limits, there-
fore the model in this case is suitably calibrated. Largest 
error value was 0.04 m. instead of permissible error limit 
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– 0.05 m. After Manning‘s Roughness Coefficient was 
adjusted and calibration process was complete, modelling 
of predetermined scenarios was carried out. Obtained 
modelling results are presented in figure 4. 
 
Fig. 4. Example of flooded areas of the Nemunas River channel during operation of different number of turbines at 
Kaunas HPP: 1 – one turbine is operating (       m3/s), 2 – two turbines are operating (      m3/s), 3 – three 
turbines are operating (      m3/s), 4 – four turbines are operating (       m3/s). Base map source: www.maps.lt.  
As can be seen from figure 4, the flooded areas ex-
pand with increasing number of operating turbines. Dur-
ing the operating regime with 1 turbine, Kaunas HPP 
must release through turbines the residual flow of at least 
120 m
3
/s. During the period of this study Kaunas HPP, 
operating with 1 turbine, was releasing discharge of 126 
m
3
/s and in the modelled river stretch the flooded stream 
channel area was 16.9 ha/km. If Kaunas HPP would start 
its second, third and fourth turbine, the flooded are would 
increase by 2.8 ha/km, 3.6 ha/km and 5.7 ha/km, respec-
tively. Largest river stream channel areas are flooded 
when Kaunas HPP start operating with two or four tur-
bines – 2.8 ha/km and 2.1 ha/km. Number of total 
flooded areas in the modelled river stretch during differ-
ent Kaunas HPP operating regimes are shown in figure 5. 
Due to the changes in Kaunas HPP operating regime 
there might be a stranding risk of various river organisms, 
including fish of all ages and their fry at the dewatered 
areas that was observed in similar conditions by 
(Schmutz et al., 2013, Auer et al., 2017). The main issue 
is not the dewatered or flooded areas themselves, but the 
fact that the upramping and downramping speeds are 
significant. Kaunas HPP turbines can be started or 
stopped during 5-10 min period. This causes rapid fluc-
tuations in discharge and water level in the Nemunas 
River downstream Kaunas HPP, what consequently has 
impact on environment. 
 
 
Fig. 5. Total number of flooded areas at the Nemunas River 
channel riverbanks during operation of different number of 
turbines at Kaunas HPP  
It should be said that just a few countries have legis-
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lations that restrict the upramping and downramping 
speeds downstream HPP. As an example, water laws of 
Switzerland identified upramping and downramping 
speeds for different kind and life stage of fish (Tonolla et 
al., 2017). For the larval grayling and brown trout at day-
light time the downramping speed which describes good 
ecological conditions must be less than 0.2 m/h. For the 
juvenile grayling and brown trout this downramping 
speed is approximately 2.0 m/h. Downstream Kaunas 
HPP maximum upramping and downramping speeds is 
approximately 1.7 m/h. Nevertheless, lack of ecological 
studies downstream Kaunas HPP indicates poor knowl-
edge concerning ecological status of this Nemunas River 
stretch. 
Conclusions 
1. Flooded and dewatered areas downstream Kaunas 
Hydropower Plant during operation of different 
number of turbines were evaluated for the first time 
using 2D hydrodynamic model.  
2. Largest stream channel areas of the Nemunas River are 
flooded or dewatered when Kaunas hydropower 
plant starts or shuts down its operations with two 
and four turbines.  
3. For the further hydropeaking impact assessment it is 
necessary to carry out ecological studies to identify 
existing habitats downstream Kaunas Hydropower 
Plant.  
4. The results of this study can serve as a good back-
ground for future studies evaluating stranding risk 
of fish and other organisms in the varial zone. 
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